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In North America, the soybean aphid, Aphis glycines Matsumura (Hemiptera: 
Aphididae) is an invasive pest of soybeans, Glycine max (L.) Merrill (Fabaceae: Phaseoleae). 
In addition to A. glycines, a recent trend of increasing bean leaf beetle Cerotoma trifurcata 
(Forster) (Coleoptera: Chrysomelidae) populations has further complicated insect pest 
management for soybean growers in Iowa. The main goal of this research was to verify the 
preliminary economic threshold for A, glycines management in Iowa. Secondary goals 
included; verifying alternative sampling techniques for A. glycines population estimation, 
evaluating the effect of planting date on A. glycines population growth, and investigating the 
potential of managing both C. trifurcata and A. glycines with a single insecticide application. 
In 2004, replicated experiments were established at two locations (Floyd and Story counties), 
and in 2005, replicated experiments were established at three locations (Floyd, Story, and 
Lucas counties). Results from both years indicate that there is no detectable effect on 
soybean yield from an insecticide (lambda-cyhalothrin) application made below the current 
250 A. glycines per plant threshold. Insecticide applications made at 250 A. glycines per 
plant protected yields when A. glycines populations continued to increase in the control 
treatment. The insecticide treatment triggered by a binomial sequential sampling technique 
(speed scouting) resulted in soybean exposure to A. glycines and soybean yield equal to the 
insecticide treatment applied using an enumerative sampling technique. Insecticide 
applications triggered by both the enumerative sampling and speed scouting resulted in 
higher yields compared to control treatment when A. glycines populations reached 250 A. 
glycines per plant. A delay in soybean planting did not result in detectable differences in 
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soybean exposure to A. glycines. In 2005, yields were protected by insecticide applications 
in the early planting date. However, in both 2004 and 2005 yields in the late planting dates 
were not protected by insecticide applications. Insecticide treatments targeting the 
overwintering population or the first generation of C. t~ifu~cata did not prevent economic 
populations of A. glycines or even consistently reduce populations compared to soybeans not 
treated with a seed or foliar applied insecticide. In fact, the highest populations of A. 
glycines were observed when a lower rate of lambda-cyhalothrin (178 ml per ha) was applied 
targeting the overwintering population of C. t~ifu~cata. In 2005, at the location with the 
highest soybean aphid populations of any studied (Floyd County), foliar insecticides applied 
based on an economic threshold of 250 A, glycines per plant reduced aphid exposure and 
protected yield better than preventative insecticide applications i.e. neonicotinoid seed 
treatments. Emphasizing the importance of insecticide timing when managing A. glycines, a 
foliar formulation of the neonicotinoid insecticide, imidacloprid, was applied at an economic 
threshold of 250 A. glycines per plant reduced A. glycines exposure and had greater yield 
protection than when imidacloprid was applied as a preventive seed treatment. Experimental 
evidence from this research supports the current recommendations for soybean aphid 
management in Iowa (i.e. weekly scouting and a foliar insecticide applied when mean 
populations reach 250 A. glycines per plant on at least 38 plants and are increasing). 
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CHAPTER 1. GENERAL INTRODT,TCTION 
AND LITERATURE REVIEW 
Thesis Organization 
This thesis is organized into four chapters. Chapter one contains a general 
introduction, which includes the objectives of the research and a review of the literature on 
the soybean aphid Aphis glycines Matsumura (Hemiptera: Aphididae) and its control, the 
bean leaf beetle Cerotoma t~ifu~cata (Forster) (Coleoptera: Chrysomelidae), and a general 
overview of integrated pest management (IPM). Chapter two will detail results of 
experiments conducted in Iowa that contributed to the development and validation of an 
economic threshold for Aphis glycines, and an alternative, binomial sequential sampling 
technique. Additionally, chapter two will discuss a second set of objectives which evaluated 
the effects of varying planting dates on soybean exposure to A. glycines. Chapter three will 
report the findings of a collaborative experiment conducted with Dr. Marlin Rice and Jeff 
Bradshaw evaluating the possibility of managing both A. glycines and C. trifurcata using 
treatments designed to reduce the transmission of bean pod mottle virus. Chapter four will 
describe the general conclusions of this research and acknowledgments. 
Introduction and Literature Review 
Soybean, Glycine max (L.) Merrill (Fabaceae: Phaseoleae), grown in the North-
Central region of the United States have historically required a low amount of management 
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for insect and arthropod pests (USDA 1998, Fernandez-Cornejo 1999). Recently insect pests 
have threatened soybean production in Iowa, during the late nineties with bean leaf beetle, 
reaching economic levels (Lam and Pedigo 2000, Lam et al. 2001, Krell et al. 2004, Krell et 
al. 2005), and the arrival of the invasive soybean aphid (Ragsdale et al. 2004) in 2000. Both 
C. t~ifu~cata and A. glycines present growers with yield losses from plant feeding (Smelser 
and Pedigo 1992, Myers et al. 2005a) as well as transmitting several plant viruses (Clark and 
Perry 2002, Krell 2002, Krell et al. 2003b, 2004, Burrows et al. 2005, Davis et al. 2005). 
Objectives 
This research has focused on two major goals Development of an economic 
threshold for A. glycines management. 
• Determination of the damage boundary in soybean due to A. glycines 
feeding. 
• Determine the rate of decrease in soybean yield as A. glycines injury 
crosses the damage boundary. 
• Determine a reliable, practical method for estimating A. glycines 
populations needs to be available. 
1. Best management strategies of Aphisglycines in Iowa. 
• Assess the response of A. glycines to insecticide application targeting 
another insect pests (the bean leaf beetle). 
• Determine the impact of preventative seed treatments on A. glycines 
population and yield damage. 
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Aphis glycines biology and ecology 
The soybean aphid is a native of southeast Asia, and was first discovered in North 
America (Wisconsin) in July of 2000 (Hodgson et al. 2004, Ragsdale et al. 2004). By July 
2002 A. glycines had been found in every county of Iowa (Lang 2003), and by 2004, A. 
glycines had been found in 24 states and three provinces of Canada (Losey et al. 2002, 
Ragsdale et al. 2004, Voegtlin et al. 2004a, Rutledge and O'Neil 2005, 2006). 
Acknowledgment of the serious nature of the A. glycines invasion of North America was 
illustrated when the Annals of the Entomological Society ofAfnerica dedicated a special issue 
to recent advancements in the biology of A. glycines in North America and its management in 
March 2004 (Heimpel and Shelly 2004). 
Prior to the arrival of A. glycines in the North Central region of the United States, no 
aphids were known to colonize soybean fields let alone cause yield loss in soybean due to 
feeding injury (Higley and Boethel 1994). Of the aphid species that were found in soybean, 
only the cotton aphid, Aphis gossypii Glover (Hemiptera: Aphididae) was known to 
reproduce on soybean in the north central United States. This may explain why initial reports 
of aphids colonizing soybean were originally incorrectly identified as the cotton aphid 
(Voegtlin et al. 2004b). There are two reasons why A. glycines was initially mistaken for A. 
gossypii; 1) the large morphological variation of A. gossypii and 2) A, gossypii has been 
reported to colonize soybean fields in southern regions of North America (Voegtlin et al. 
2004b). Both A. gossypii and A. glycines are approximately the same size and shape (0.9 mm 
to 1.9 mm for apterous females and 1.1 mm to 1.9 mm for alate females), and they have 
similar coloration and patterns (Blackman and Eastop 2000). In 2004, Voegtlin et al., 
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reported that, "It may not be possible to determine every specimen collected on soybean with 
complete certainty" (Voegtlin et al. 2004b). Although identification of every single aphid 
may not be possible, only A. glycines form colonies on soybean in the North Central region 
of the United States (Voegtlin et al. 2004b). 
Aphis glycines, is a heterocious (host altering) aphid species. Like all heterocious 
aphid species A. glycines has a holocyclic life cycle during which it undergoes sexual 
reproduction. The biology of A. glycines in North America has been described (Ragsdale et 
al. 2004). In North America as in Southeast Asia, A. glycines overwinter as an egg on 
various buckthorn (Rhanznus spp.) (Ragsdale et al. 2004, Wu et al. 2004, McCornack et al. 
2005, Voegtlin et al. 2005, Yoo et al. 2005). Each spring fundatrices (apterous, asexual, 
females) hatch and give birth to a second generation of apterous asexual females. The 
second generation produces a third generation of (primarily) alate (winged) females. The 
first alate generation migrates to the secondary host plant (soybean). Once on soybean, A. 
glycines undergo multiple overlapping generations where both apterous and alate asexual 
females are produced throughout the summer. This biology makes A. glycines capable of 
rapid population growth. Population doubling times as short as 1.5 days have been shown in 
laboratory settings (McCornack et al. 2004, Myers et al. 2005b). There is evidence that 
abiotic conditions are also impacting the intrinsic growth rate of A. glycines. McCornack et 
al. (2004) documented the effect of temperature on the intrinsic growth rate, while Myers et 
al. (2005b) has documented a greater intrinsic growth rate when A. glycines are reared on 
potassium (K) deficient soybean plants. 
Several researchers have shown that when A. glycines is first colonizing soybean 
natural enemies can play a role in suppressing population growth (VandenBerg et al. 1997, 
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Fox et al. 2004, Heimpel et al. 2004, Rutledge et al. 2004, Fox et al. 2005, Rutledge and 
O'Neil 2005, Mignault et al. 2006). An example of such a predator is the insidious flower 
bug, O~ious insidiosus (Say), which has been documented to slow both establishment and 
population growth of A. glycines (Rutledge and O'Neil 2005). The potential for biological 
control of A. glycines leaves open the possibility for insecticides to cause A. glycines 
populations to flair if the natural enemy community is adversely affected by the use of 
preventative insecticides (Stern et al. 1959). However, it is unclear if seed treatments and/or 
foliar insecticides applied before the arrival of A. glycines to soybean provide protection or 
facilitate the establishment and subsequent outbreaks of A. glycines. Therefore the use of 
insecticides as a preventative for A. glycines management may not be effective. 
Foliar insecticides labeled for use against A. glycines in North America are broad 
spectrum and can reduced natural enemy populations. Reduced risk insecticides may 
eliminate the negative impact of insecticides on the natural enemy population. The EPA 
defines a reduced risk pesticide as one which "may reasonably be expected to accomplish 
one or more of the following: 1) reduces pesticide risks to human health; 2) reduces pesticide 
risks to non-target organisms; 3) reduces the potential for contamination of valued, 
environmental resources; or 4) broadens adoption of IPM or makes it more effective" (EPA 
1998). There are two classes (neonicotinoids and pymetrozines) of insecticides that are lethal 
to A. glycines and may be considered reduced risk. Neonicotinoid insecticides may be 
considered reduced risk due to their mode of exposure as a plant systemic insecticide. 
Pymetrozine, although not labeled for use in soybean, is a plant systemic insecticide with a 
specific mode of action (targeting the cibarial pump) that has been shown to have limited 
impacts on beneficial insects, including aphidagous predators (Harrewijn and Kayser 1997, 
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Sechser et al. 2002, Torres et al. 2003). It is not known what the impact of putative 
(imidicloprid) and expected (pymetrozine) reduced-risk, foliar based insecticide is on the A. 
glycines natural enemy community in soybean. 
In the fall, alate gynoparae (fundatrices which give birth to the sexual females) are 
produced on soybean, and emigrate from soybean in search of Rhamnus spp. where they give 
birth to ovipara (sexually reproducing females). Male A. glycines are produced on soybean 
following gynoparae emigration, and they emigrate from soybean in search of the ovipara 
developing on Rhamnus spp. where they mate. The resulting eggs are oviposited around 
lateral buds of Rhamnus spp. (McCornack et al. 2004, Ragsdale et al. 2004, Venette and 
Ragsdale 2004). 
All heterocious aphids have a primary host where sexual reproduction and 
overwintering in temperate climates takes place. In addition to a primary host all heterocious 
aphids also have one or more secondary hosts where parthenogenesis takes place (Blackman 
and Eastop 2000). In China and Japan, Rhamnus davu~ica Pallas and Rhamnus japonica 
Maximowicz serve as primary hosts for A. glycines (Wu et al. 2004). In the North Central 
region of the United States, Rhamnus cathartica L. appears to be the preferred primary host 
for A. glycines (Ragsdale et al. 2004). Voegtlin et al. (2004a) designed a choice test 
experiment where eleven species of Ramnus spp. were placed inside a 2 m by 2 m cage along 
with several heavily infested soybean plants. Gynoparae, oviparae and eggs were counted 
weekly. While oviparae were observed on several Rhamnus spp, egg deposition and spring 
fundatrices were only observed on Rhamnus cathartica and Rhamnus alnifolia L'Heritier 
(Voegtlin et al. 2004a). Voegtlin et al. (2005) expanded and repeated the experiment, and 
egg deposition and spring fundatrices were observed on three Rhamnus spp. (R. cathartica, 
R. alnifolia, and Rhamnus lanceolata Pursh). In 2003-2004, while egg deposition and spring 
fundatrices were not observed on either Rhamnus fi~angula (L.) or RhanZnus caroliniana 
Walter both gynoparae, and oviparae were observed. The occurrence of oviparae indicate 
that A. glycines could expand its primary host range to include both R. frangula and R. 
calloliniana in the future (Voegtlin et al. 2005). 
A heterocious species of aphid requires both the primary and secondary host to be 
present in order to establish within a new habitat. In both Asia and North America A. 
glycines is known to use plants in the genera Glycines as a secondary host, although only 
soybean (exotic to North America) have be a documented secondary host in the North 
American agro-ecosystem (there are no Glycine spp. native to North America) (Ragsdale et 
al. 2004, Wu et al. 2004). The `preferred' primary host, R. cathartica, is also exotic to the 
North America, while both R. alnifolia and R. lanceolata (`expectable' hosts) are native to 
North America, as is R. calloliniana (`potential' host), and R. f~angula (`potential' host) is 
exotic. Although exotic to North America, the invasive nature of R. cathartica makes it 
prevalent across a large portion of the soybean producing areas, while both R. alnifolia and 
R. lanceolata are limited in their distribution across a large portion of the soybean producing 
areas of North America (Voegtlin et al. 2004x, Voegtlin et al. 2005). Rhamnus ca~oliniana is 
native to North America and is fairly abundant in the North Central region of the United 
States (Stewart and Graves 2005), and R. fiangula is native to Europe and has a limited in 
distribution in soybean producing areas of North America (Possessky et al. 2000). Voegtlin 
et al. (2005) observed egg hatch of A. glycines occurred at to bud break for all species of 
Rhamnus, producing spring fundatrices, and that spring migration occurred by 2 May in 2003 
and 2004. Nearly all migrants had left the primary host by 20 May (Voegtlin et al. 2005). 
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When spring migration occurred (2 May, Illinois) less than 10% of soybean had been planted 
and by 20 May only 50% was planted in Illinois (Voegtlin et al. 2005). However, they also 
observed that some of the migrant A. glycines had colonized previously non-colonized 
Rhainnus spp. The lack of temporal correlation of the primary and secondary hosts suggests 
the possibility of a `bridge' host being necessary. Hill et al. (2004) has shown that even 
though A. glycines have low survivorship and fecundity on non-Glycine spp. it can survive 
for at least a period of time on numerous leguminous host, and in trials they showed several 
leguminous species (including Trifolium spp, Medicago spp, and Phaseolus spp.) may serve 
as secondary hosts (although non-optimal) for A. glycines (Hill et al. 2004). Although this 
phenomenon has not been observed in the field, both Trifoliunz praetense (L.) and Medicago 
sativa L. are present both spatially and temporally in soybean producing areas of North 
America. 
The potential for host range expansion of A. glycines appears to exist for not only the 
primary host, but also the secondary host (Voegtlin et al. 2004a, 2005). Sexual males and 
oviparae of both A. gossypii and A. glycines may occur on Rhamnus spp. (several Rha~nnus 
spp. are expectable primary host of A. gossypii) at a similar time, and a crossing study has 
shown that viable offspring are produced when A. gossypii and A. glycines mate (Voegtlin et 
al. 2004a). The possibility of gene flow from A. gossypii to A. glycines may further indicate 
the potential for A. glycines to expand its host range to include the extensive primary and 
secondary host range of A. gossypii (Blackman and Eastop 1994, 2000). 
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Cerotoma trifurcata biology and ecology 
The bean leaf beetle, C. trifurcata is native to North America and was first identified 
as a possible pest in 1875 where it was found damaging dwarf beans Phaseolus vulgaris in 
Kansas (Eddy and Nettles 1930). The biology of C. tr~ifurcata has been well described in 
Iowa (Smelser and Pedigo 1991, Zeiss et al. 1996, Lam et al. 2001, Krell et al. 2003a). In 
Iowa, C. trifu~cata is bivoltine and the first and second generations are most abundant in July 
and August respectively. Members of the second generation of C. trifurcata overwinter in 
leaf litter at field borders and wood lots. Larval stages of C. trifu~cata feed on roots and 
nodules of soybean, and other legumes, and are not believed to cause economic injury (Krell 
2002). Adult C. trifuNcata can cause significant defoliation and pod feeding (Pedigo and 
Zeiss 1996, Lam and Pedigo 2001). Additionally, C. trifu~cata is considered the primary 
vector of bean pod mottle virus (BPMV) in Iowa (Krell 2002). In addition to transmitting 
BPMV C. trifurcata also serves as an overwintering host of BPMV in approximately 2% of 
the overwintering adults (Kre112002, Krell et al. 2003b). 
In Iowa, targeting the overwintering and first generation of C. trifurcata with a foliar- 
applied pyrethroid insecticide can reduce both C. trifurcata populations and the incident of 
bean pod mottle virus (Krell 2002). Given that pyrethroids and seed applied neonicotinoids 
are active against both C. tNifurcata and A. glycines (Ragsdale et al. 2004), there is the 
potential that both could be managed with the same management program. However, it is 
not clear if an insecticide applied in June to early July would be effective for suppressing or 
delaying A. glycines populations that persist into September. 
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Integrated pest management and pest sampling 
Integrated Pest Management (IP1V~ programs are essential for efficient and 
economical pest management. A cost benefit analysis (Poston et al. 1983) is the essential 
foundation of any IPM program (Stone and Pedigo 1972), and in order for the cost benefit 
analysis to be effective it should include not only the control cost, cost associated with 
implementation, and crop value, but also crop response to pest injury and the proportionate 
injury per individual pest (Poston et al. 1983). 
The proportionate injury per individual pest is a key piece of information for any cost 
benefit analysis to take place. Pedigo et al. (1986) has defined injury as the physiological 
response of a plant to a pest and damage as the measurable injury caused by a pest. The 
injury per pest is characterized by the damage curve (Fig. 1). Not all plants will have all the 
components of the damage curve, but all possible injury responses are described by the 
damage curve. The damage boundary (Db) is the injury level at which yield loss is first 
detectable. The damage curve has six distinct regions; 1) tolerance (no damage per unit 
injury), 2) overcompensation (negative damage per unit injury), 3) compensation (increasing 
damage per unit injury, this where the Db is first crossed), 4) linearity (constant damage per 
unit injury), 5) desensitization (decreasing damage per unit injury), and 6) inherent impunity 
(no additional damage per unit injury) (Pedigo et al. 1986). 
Another important consideration of IPM practitioners is the need for an efficient 
method for estimating pest populations. Absolute pest populations are often impractical if 
not impossible to obtain for most insects (Southwood 1978). The widespread use of IPM 
practices will be reduced if the cost of an effective sampling protocol is prohibitively 
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expensive (Pedigo et al. 1986). This leads to the need for accurate and economical 
population estimation. Southwood and Henderson (2000) provided eight basic criteria for a 
sampling units which provide a quantitative population estimation: 1) all pest must have an 
equal chance of being selected; 2) the sampling unit must have stability; 3) the proportion of 
a pest population in a habitat should remain consistent; 4) the sampling unit must lend itself 
to a unit area conversion; 5) the sampling unit should be easy to use in the field; 6) the 
sampling unit should provide a balance between pest variance and sampling cost; 7) the 
sampling unit should not be too small in relation to the pests size; 8) and the sampling unit 
for mobile pests should be proportional to the average movement of the pest (Southwood and 
Henderson 2000). 
Once the biological responses (crop response to pest injury and proportionate 
injury per individual pest) have been characterized and effective sampling protocols have 
been developed an economic analysis of the control cost, the cost associated with 
implementation of the management tactic, and crop value can be used to calculate an 
economic injury level (EIL) and an economic threshold (ET). The EIL is defined as the 
lowest pest density that will cause economic damage (Stern et al. 1959, Poston et al. 1983, 
Pedigo et al. 1986). Economic thresholds are the practical application of the EIL (Pedigo et 
al. 1986), and is defined as the lowest pest density that should trigger a management action 
(Pedigo and Rice 2006). The ET is usually a pest density below the EIL due to the inherent 
time delay between when a treatment is triggered and when an action is completed (Poston et 
al. 1983, Pedigo et al. 1986). The development of an economic injury level and an economic 
threshold with effective sampling protocols will lead to more profitable management of A. 
glycines in Iowa. 
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Figure 1 The damage curve as described by Pedigo et al. (1986). Major regions of the 
damage curve; damage boundary (Db, is the injury level at which yield loss is first 
detectable), tolerance (no damage per unit injury), overcompensation (negative damage per 
unit injury), compensation (increasing damage per unit injury, this where the Db is first 
crossed), linearity (constant damage per unit injury), desensitization (decreasing damage per 
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Abstract 
After the soybean aphid, Aphis glycines Matsumura (Hemiptera: Aphididae), outbreak of 
2003 a tentative economic threshold of 250 A. glycines per plant was suggested for the 
application of foliar insecticides, across the North Central region of the United States. The 
preliminary economic threshold of 250 A. glycines per plant was based on an enumerative 
sampling technique that requires growers to calculate the average number of A. glycines on a 
minimum of 3 8 plants. Additionally, growers must determine if A. glycines populations are 
increasing. After 2004, a binomial sequential sampling technique (speed scouting) was 
proposed which required only the first 40 A. glycines per plant be counted, and allow a 
treatment decision to be made after as few as 11 plants. In Iowa, replicated field experiments 
were conducted in 2004 and 2005 to verify the initial 250 A. glycines per plant economic 
threshold for A. glycines at two planting dates. Additionally, in 2005, the speed scouting 
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technique was compared to the enumerative sampling technique for its ability to accurately 
estimate A. glycines populations. In 2004, replicated experiments were established at two 
locations in Iowa (Floyd and Story counties); in 2005 replicated experiments were 
established at three locations across Iowa (Floyd, Story, and Lucas counties). Results from 
both years indicate that there is no effect on yield from an insecticide application made below 
the preliminary economic threshold of 250 A. glycines per plant. An insecticide treatment 
triggered by the speed scouting technique resulted in similar levels of soybean exposure to A. 
glycines when compared to the enumerative sampling technique at two of the three locations 
(Story and Lucas counties). Yield in the plots where the speed scouting technique triggered 
an insecticide application were similar to the yield in the treatment where the enumerative 
threshold triggered an insecticide application, and both methods resulted in higher yield than 
the untreated control. There was no difference in A. glycines populations on soybean planted 
at least 11 days apart, and insecticide applications only protected soybean yield for 
treatments in the first planting date. Experimental evidence from this research supports 
current management recommendations for grower use in Iowa (weekly scouting and a foliar 
insecticide applied when mean populations reach 250 A. glycines per plant on at least 38 
plants and are increasing). 
Introduction 
In North America, the soybean aphid, Aphis glycines Matsumura (Hemiptera: 
Aphididae) is an invasive pest of soybean, Glycine max (L.) Merrill (Fabaceae: Phaseoleae) 
(Ragsdale et al. 2004). Since being discovered in 2000, growers in Iowa have experienced 
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large populations (> 1,000 per plant) of A. glycines in three of the six years (2001, 2003, and 
2005) that this pest has been found in the state (Lang 2003, M. O'Neal unpublished data). In 
2005, Iowa once again experienced economically damaging populations of A. glycines 
(O'Nea12005) with yield reductions in excess of ten bushels per acre in university test plots 
(Johnson and O'Neal 2005). The absence of an economic threshold for A. glycines has 
hampered the use of integrated pest management (IP1V~ techniques for A. glycines 
management (Hodgson et al. 2004, Onstad et al. 2005). In the past this lack of an IPM 
program for other insect pests has resulted in both the over application of insecticides in 
some instances and excessive yield loss from late or no insecticide applications (Pedigo et al. 
1986). Either of these outcomes can result in lost net income for soybean producers in Iowa. 
As of 2004, growers were advised to monitor soybean fields beginning in July and 
apply an insecticide based on an economic threshold of 250 A. glycines per plant (based on 
the current range of insecticide cost and commodity prices) (Ragsdale et al. 2004). To 
determine if an A. glycines population is above this threshold, growers have been asked to 
use an enumerative scouting technique (counting all A. glycines on a plant) and calculate an 
average. Hodgson et al. (2004) calculated that 3 8 plants were needed to reach a minimal 
level of precision (0.25) in Minnesota, while Onstad et al. (2005) determined that 50 plants 
should be sampled to achieve the same level of precision in Illinois. For integrated pest 
management (IPM) purposes a 0.25 precision level is considered an expectable level of 
precision (Southwood 1978, Southwood and Henderson 2000). In the North Central region, 
this has led to growers being recommended to scout at least 38 randomly selected plants and 
calculate the average number of A. glycines per plant (Hodgson et al. 2004, Ragsdale et al. 
2004). 
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The current enumerative sampling technique is resource intensive and anyone who 
has tried to calculate the mean number of A. glycines per plant when populations are high (> 
250 A. glycines per plant) can appreciate the usefulness of a more time-efficient method of 
estimating A. glycines populations. In 2004, a binomial sequential sampling technique 
(speed scouting) was developed for A. glycines treatment decisions (Hodgson et al. 2004). 
When using speed scouting, the number of A. glycines on a given plant is counted until the 
tally reaches 40 A. glycines (both immature and adults). If a plant has 40 or more A. glycines 
on it the plant receives a `+', and if the plant has fewer than 40 A. glycines on it the plant 
receives a `-' . After assigning a `+' or a `-' to as few as 11 randomly selected plants a 
treatment decision could be made. There are three possible treatment decisions that can be 
made; 1) treat with an insecticide, 2) continue sampling, 3) do not treat with an insecticide 
(Fig. 1; Hodgson et al. 2004). The highest number of plants that needs to be counted before a 
treatment decision is reached is 31. Under heavy aphid populations the speed scouting 
technique results in significantly fewer aphids and plants being counted as compared to the 
enumerative threshold of 250 A. glycines per plant (Hodgson et al. 2004). In Minnesota., the 
replacement of the enumerative sampling technique with the speed scouting technique for A. 
glycines management has resulted in an average time savings of approximately 42% (34 
minutes using the speed scouting method verses 57 minutes using an enumerative method) 
before a treatment decision is reached (Hodgson et al. 2004). 
In Iowa, outbreaks of bean leaf beetle, Ce~otoma t~^ifurcata (Forster) (Chrysomelidae; 
Coleoptera) and the occurrence of bean pod mottle virus has prompted management 
recommendations that include reducing the number of soybean acres planted early to avoid 
overwintering populations (Krell et al. 2005). There is some concern that later planting dates 
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which avoid overwintering populations of C. trifu~cata may have increased exposure to A. 
glycines. Aphis glycines prefers to feed on the youngest leaf and stem apices of actively 
growing plants (Onstad et al. 2005). In Iowa, A. glycines build slowly and reach economic 
levels in late July. Late planted soybeans may result in soybeans still undergoing vegetative 
growth when A. glycines populations are building which may lead to an outbreak. However, 
there is some question about the actual effect of plant age on A, glycines exposure and 
population growth rates. Research conducted in Asia has reported that younger soybean 
tissues are capable of supporting higher A. glycines reproduction rates (Chung et al. 1980, 
VandenBerg et al. 1997). However, recently published accounts from the United States have 
disputed the effect of plant age on A. glycines population growth rates (Li et al. 2004, 
Rutledge and O'Nei12006). 
The goals of this research are to establish an economic threshold for A. glycines 
management, compare the binomial and enumerative sampling techniques, and assess the 
effect of later planting dates on both A. glycines exposures and yield. The three objectives 
were: 1) to determine the impact of varying planting dates on soybean exposure to A. 
glycines and soybean yield, 2) to assess the effect of varying populations of A. glycines on 
soybean yield, 3) to evaluate a binomial sampling system against the enumerative sampling 
system of 250 A. glycines per plant. Three testable hypotheses were developed in order to 
accomplish these main objectives: 1) there would be no affect from varying planting dates on 
soybean exposure to A. glycines, 2) there would be no affect on soybean yield from 
insecticides applied at varying levels of A. glycines exposure, 3) there would be no afFect on 
either soybean exposure to A. glycines or yield from insecticides applied at either the 
enumerative threshold of 250 A. glycines per plant or the binomial sampling technique. 
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Materials and Methods 
In 2004 and 2005, `early' and `late' planting dates were targeted to first quartile (prior 
to 10 May) and the fourth quartile (after 25 May) of the five year planting average for the 
state of Iowa (MASS et al. 2006). Plantings were made within 5 days of the targeted 
quartiles at all but one of the locations (Story County, 2005) where weather conditions 
caused excessive delays in planting. Across both years, the early and late planting dates were 
separated by a minimum of 11 to a maximum of 26 days. 
2004 
In 2004, the primary objective was to determine the impact of varying populations of 
A. glycines on soybean yield, and the secondary objective was to evaluate the effect of two 
different planting dates on A. glycines exposure levels, and yield. To accomplish these 
objectives a randomized complete block design was established at two locations (Iowa State 
University Northeast Research Farm in Floyd County, and Johnson Research Farm in Story 
County, Fig. 2), for two dates (first quartile and fourth quartile). 
The designed experiment consisted of six treatments in which insecticide applications 
varied by when soybean reached pre-defined exposure levels to A. glycines. Aphis glycines 
populations were very low in 2004, and treatments that required higher A. glycines exposure 
levels were never applied. This resulted in an unequal number of replications because some 
treatments never reached their pre-defined levels, and treatments that never received an 
insecticide application were treated as additional control replications. This resulted in only 2 
treatments being applied at Floyd County for both planting dates. The two treatments were 
an untreated control and a zero aphid treatment that received an insecticide whenever A. 
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glycines were detected. At Story County, 4 treatments were applied to the first planting date 
and 2 treatments were applied to the second planting date. The 2 treatments at both locations 
and both planting dates were: 1) control, no insecticide was applied therefore this treatment 
assumes greatest possible yield loss due to A. glycines, 2) zero aphid treatment, whenever A. 
glycines was detected an insecticide was applied therefore this treatment assumes greatest 
possible yield with no A. glycines (treatment levels, replications, and dates of insecticide 
application are described in Table 1 by location and planting date). 
In Floyd County, soybean variety (NK 524-K4 RR) was planted with 1.5 m buffers 
between plots. The first planting date was 6 May, and the second planting date was 21 May. 
Plots measured 33 m by 4 m and were planted at a population of 432,000 seeds per hectare 
(180, 000 seeds per acre) in 76 cm rows using no-till production practices. 
In Story County, soybean variety (Prairie Brand 2494) was planted with 1.5 m buffers 
between plots. The first planting date was 11 May, and the second planting date was 6 June. 
Plots measured 19 m by 3 m, and were planted at a population of 396,000 seeds per hectare 
(165,000 seed per acre) in 76 cm rows using conventional tillage practices. 
2005 
In 2005, the objectives shifted. The primary objective was to determine the impact of 
two different planting dates on A. glycines exposure levels and yield, and the second 
objective was to evaluate a binomial sampling system against the enumerative sampling 
system of 250 A. glycines per plant. 
Experiments were established at three Iowa State University research farms (Floyd, 
Story, and Lucas Counties, Fig. 2) to determine the effect of planting date A. glycines 
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exposure levels and to verify the viability of a binomial sampling technique for estimating A. 
glycines populations. Plots measured 30 m by 5 m at all three locations in 2005. 
The experiment included seven treatments that were arranged in a randomized 
complete block design with either four or six replications depending on the location. Four 
treatments were applied to the eaxly planted soybean; 1) control, 2) zero aphid treatment that 
received an insecticide application whenever A. glycines were observed to prevent plant 
exposure to aphids, 3) enumerative sampling treatment that received an insecticide 
application when A. glycines populations reached 250 per plant (average based on counting 
all the aphids on selected plants), and 4) speed scouting treatment (received an insecticide as 
determined by the binomial sequential sampling technique described in the introduction). 
The late planting date received treatments 1, 2, and 3 from the first planting date. The timing 
of each insecticide application is listed by location and planting dates in Table 2. 
In 2005, soybean were planted in replicated plots that measured 33 m by 4 m at all 
three locations (Floyd, Story, and Lucas counties). The plots were arranged in a randomized 
complete block design at all locations with four replications at two locations (Floyd and 
Lucas Counties) and six replications at one location (Story County). At all three locations 
glyphosate tolerant soybean varieties (Crows 2130 RR at Floyd County, Prairie Brand 2183 
at Story County, and Stine 3532-4 RR, at Lucas County) were planted at populations ranging 
from 408,000 to 432,000 seeds per hectare (170,000 to 180,000 seeds per acre). At both 
Floyd and Lucas Counties soybean were established using no-till techniques, and at Story 
County conventional tillage was used to establish plots. Planting dates and treatment dates 
are listed in Table 2 by location. The three research farms will be referred to as the county 
where they are located (Fig. 2). 
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Estimation of A. glycines populations. All A. glycines (adults, nymphs and winged aphids) 
were counted on consecutive soybean plants within each plot. In 2004, 10 consecutive plants 
were counted for the entire season. In 2005, the number of consecutive plants counted 
ranged from five to twenty, with number of plants counted determined by the percentage 
infested with aphids during the previous sampling period. When 0% to 80% of plants were 
infested with A. glycines, twenty plants were counted; when 81 % to 99% of plants were 
infested, ten plants were counted; at 100% infestation, five plants were counted. 
The seasonal exposure of soybean plants to A. glycines was calculated using 
`cumulative aphid days' based on the number of aphids per plant counted on each sampling 
date. Exposure of soybean plants to A. glycines between two sampling dates (the `aphid 
days') is calculated with the following equation: 
°° 
x 1-1 + x j= xt, 
n=1 2
where x is the mean number of aphids on sample day i, x;_1 is the mean number of aphids on 
the previous sample day, and t is the number of days between samples i - 1 and i. Summing 
the aphid days accumulated during the growing season (cumulative aphid days) provides a 
measure of the seasonal aphid exposure that a soybean plant experienced (E. Hodgson 
unpublished data). Cumulative aphid days are reported as season long totals. 
Insecticide application. lambda-cyhalothrin (Warrior 1 SC, Syngenta Crop Protection, 
Greensboro, North Carolina) was applied at a rate of 227 ml per hectare (3.2 fl oz per acre) 
using a backpack sprayer applying 237 liters per ha (20 gpa) at 274 kpa (40 psi). 
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Yield and Seed Quality. Yields were determined by weighing grain in the harvester using a 
grain hopper which rested on a digital scale sensor custom designed for each of the three 
harvesters used for both experiments (multiple pest management and insecticide timing). 
Yields were corrected to 13% moisture and reported as kilograms (kg) per hectare. Seed 
samples (2 kg) were collected directly from the grain hopper at the time of harvest, and 
protein and oil concentrations were obtained using an Infratech 1221 TM near-infrared whole 
grain analyzer (Tecator AB, Hooganas, Sweden). The Infratech 1221 TM reports protein and 
oil as a percentage of total weight at 13% moisture. 
Data analysis. All analyses were performed separately for each year. From 2004 to 2005 
several experimental parameters were changed due to a shift in objectives. In both 2004 and 
2005, the main objective was to measure the effect of varying planting dates on soybean 
exposure to A. glycines. However in 2004, only treatments were randomly assigned, and 
planting dates were grouped together. In 2005, both planting dates and treatments were 
randomly assigned to plots within the same block. The 2004 experiment was designed to 
quantify the affects of varying levels of A. glycines exposure levels as measured by 
cumulative aphid days on yield, while in 2005 the experiment was designed to verify the 
validity of a binomial sampling technique. 
In both years an average aphid days accumulated each week for each treatment was 
calculated at all locations throughout the growing season. The impact of treatments on the 
accumulation of aphid days was determined using natural log-transformed data to meet the 
assumptions of ANOVA. The cumulative aphid day data were analyzed using aone-way 
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ANOVA in PROC MIXED (SAS 2004), and the Student-Numan-Keuls test was used for 
means separation. 
Yield and seed quality was estimated from seed samples collected at harvest and 
averaged across the replication for each treatment. Both yield and seed quality data were 
analyzed using aone-way ANOVA in proc mixed (SAS 2004) and the Student-Numan-Keuls 
test was used for means separation. 
Results 
Overall, A. glycines plant exposure levels were variable across both years and 
locations (Figs. 3, 4, 5). In 2004, A. glycines populations were very low across the state with 
only isolated pockets of moderate to high (> 250 A. glycines per plant) populations being 
reported in the state, and only low populations (< 250 A. glycines per plant) being observed at 
the experimental locations (Figs. 3, 4; Floyd and Story counties). In 2005, the highest A. 
glycines populations were observed with populations exceeding the preliminary economic 
threshold (250 A. glycines per plant) at all locations. Significant differences were observed in 
soybean exposure levels to A. glycines at all locations with the lowest soybean exposure to A. 
glycines at Lucas County (Fig. Sc). 
2004 
In 2004, at Floyd County, A. glycines were first detected on 28 July and populations 
peaked (7 ± 1; average A. glycines per plant ± SEM) on 31 August in the control treatment. 
Although aphid populations were low, by the end of the growing season the insecticide 
treatments resulted in a significant difference in A. glycines exposure in both the early 
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planted (F = 146.4, df = 1, 19; P <0.0001) and late planted (F = 64.0, df = 1, 19; P < 0.0001) 
soybean (Fig 3). Despite these differences in aphid densities, there was no impact of A. 
glycines on yield (Fig. 3) in either early (F = 0.01, df = 1, 19; P = 0.99) or late (F = 0.01, df = 
1, 19; P = 0.97) planted soybean (Fig. 3 ). 
At Story County, in 2004, A. glycines populations were first detected on 8 June and 
peaked at (63 ± 13) on 16 August in the control treatment. By the end of the growing season, 
the insecticide treatments resulted in a significant difference in A. glycines exposure in both 
the early planted (F = 11.28, df = 3, 17; P = 0.0003) and late planted (F = 115.6, df = 1, 19; P 
< 0.0001) soybean (Fig 4a). However, there was no impact of A. glycines on yield (Fig. 4b) 
in either the early (F = 0.13, df = 1, 17; P = 0.94) or late (F = 0.65, df = 1, 19; P = 0.43) 
planted soybean (Fig. 4b). 
In 2004, when data were combined, a significant difference in soybean expo sure to A. 
glycines was observed (F = 50.5, df = 1, 87; P < 0.0001) between the two locations. In 2004, 
no significant difference in soybean exposure to A. glycines due to planting date was detected 
(F = 0.12, df = 1, 87; P = 0.73). It is important to point out that planting dates were not 
randomized with each other in 2004 and care should be taken when interpreting the lack of 
differences in A. glycines exposure due to planting date variation. 
2005 
In 2005, A. glycines were first detected in early June and could be found at all three 
locations (Floyd, Story, Lucas Counties) by late June. Aphis glycines were first detected on 
20 June at Floyd County, 22 June at Story County, and 1 June at Lucas County. In 2005, 
populations peaked at different densities in the control treatment across the three locations 
(A. glycines per plant ± SEM; 855 ± 276 on 31 August at Floyd County, 573 ± 96 on 29 
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August at Story County, and 264 + 57 on 6 September at Lucas County). All three locations 
(Floyd, Story, and Lucas Counties) exceeded the preliminary economic threshold of 250 A. 
glycines per plant. 
In 2005, at Floyd County, insecticide treatments resulted in significant differences in 
soybean exposure to A. glycines (Fig. Sa; F = 89.72, df = 6, 18; P < 0.0001). However, there 
was no detected difference in soybean exposure to A. glycines due to the planting date (Fig. 
Sa). There was also a difference in soybean exposure to A. glycines between the enumerative 
and speed scouting sampling techniques with the application of speed scouting resulted in 
lower A. glycines population (Fig. Sa). At Floyd County, insecticide treatments resulted in 
significant yield differences (Fig. Sa; F = 16.34, df = 6, 18; P < 0.0001), with the three 
insecticide treatments (zero aphid treatment, the 250 aphid per plant treatment, and the speed 
scouting) having greater yield than the control (Fig. Sa). There was no difference in yield 
between the enumerative and speed scouting techniques, and their was no additional yield 
protection when A. glycines was maintained at a low level (zero aphid treatment; Fig 6a). In 
the second planting date there was no difference in yield detected between any of the 
treatments (Fig. 6a). 
In 2005, at Story County, insecticide treatments resulted in significant differences 
being detected in soybean exposure to A. glycines (Fig. Sb; F = 52.66, df = 6, 30; P < 
0.0001). At Story County, there was a difference in soybean exposure to A. glycines between 
the two planting dates with the control treatment in the second planting date having lower A. 
glycines exposure than the control treatment in the early planted soybean (Fig. Sb). There 
was no detected difference in soybean exposure to A. glycines due to the planting date in the 
250 aphid per plant treatment (Fig. Sb). Also there was no detected difference in soybean 
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exposure to A. glycines between the enumerative and binomial sampling technique (Fig. Sb). 
At Story County, insecticide treatments resulted in significant yield differences being 
detected (Fig. 6b; F = 31.61, df = 6, 3 0; P < 0.0001). In the first planting date all treatments 
that received an insecticide application; (zero aphid treatment, the 250 aphid per plant 
treatment, and the binomial treatment; Fig. 6b), had higher yields than the untreated plots. 
There were no differences in yield amongst between any of the treatments in the second 
planting date (Fig. 6b). 
In 2005, at Lucas County insecticide treatments did not result in a significant 
difference in soybean exposure to A. glycines (Fig. Sc; F = 2.48, df = 6, 30; P < 0.067). At 
Lucas County, there was a difference in soybean exposure to A. glycines between the two 
planting dates (Fig. Sc). Also there was no detected difference in soybean exposure to A. 
glycines between the enumerative and binomial sampling technique (Fig. Sc). In 2005, at 
Lucas County insecticide treatments resulted in significant yield differences being detected 
(Fig. 6c; F = 5.34, df = 6, 18; P = 0.0025). In soybean planted at the first planting date there 
was no difference in yield detected between any of the treatments (Fig. 6c). Additionally, 
there was no difference in yield detected between any of the treatments in the second 
planting date (Fig. 6c). 
In 2005, when data were combined from the three locations (Floyd, Story, and Lucas 
counties) a significant difference in soybean exposure to A. glycines due to insecticide 
application was observed (F = 81.18, df = 6, 71; P < 0.0001). Also, a significant difference 
in soybean exposure to A. glycines due to location was observed (F = 20.82, df = 2, 71; P < 
0.0001), and a treatment by location interaction was also observed (F = 11.69, df =12, 71; P 
< 0.0001). Across the three locations (Floyd, Story, and Lucas Counties) the highest soybean 
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exposure to A. glycines was consistently in the control treatments, and there was no 
difference in total exposure between the first and second planting date. Additionally, there 
was no difference in soybean exposure to A. glycines when insecticides were applied at the 
economic threshold according to either the enumerative or the speed scouting technique. 
Finally, the zero aphid treatment resulted in reduced soybean exposure to A. glycines when 
compared to the economic threshold using either the enumerative of speed scouting 
tec iques. 
In 2005, when yield data were combined from the three locations (Floyd, Story, and 
Lucas Counties) their was a significant source effect for treatment (F = 32.58, df = 6, 72; P < 
0.0001), location (F = 162.36, df = 2, 72; P < 0.0001), block (F = 11.64, df = 5, 72; P < 
0.0001), and a treatment by location interaction was also detected (F = 2.66, df = 12, 72; P = 
0.05). Across the three locations (Floyd, Story, and Lucas Counties) the highest yields were 
consistently seen in the three treatments that received insecticide applications (zero aphid, 
enumerative, and speed scouting), and there was no additional yield protection by controlling 
A. glycines below the economic threshold (zero aphid treatment). Yields were consistently 
lower in the second planting date, and there was no yield protection due to insecticide 
applications in the second planting date. 
Protein and Oil 
In 2005, protein concentration from the three locations (Floyd, Story, and Lucas 
Counties) was analyzed, and there were significant effects from treatment (F = 3.41, df = 6, 
72; P = 0.0051), location (F = 5.83, df = 2, 72; P = 0.0045), block (F = 2.82, df = 5, 72; P < 
0.0220), and a treatment by location interaction (F = 2.26, df = 12, 72; P = 0.0170) was 
detected. In addition to the protein, oil concentration was also significantly effected by 
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treatment (F = 9.87, df = 6, 72; P < 0.0001), location (F = 70.67, df = 2, 72; P < 0.0001), 
block (F = 5.00, df = 5, 72; P < 0.0005), and a treatment by location interaction (F = 2.53, df 
= 12, 72; P = 0.0078) was detected. Within each planting date there was no difference 
detected in protein and oil concentrations between any of the treatments. The only detected 
difference in protein and oil concentrations was between the first and second planting dates 
(Fig. 7). 
Discussion 
This research measured the impact of varying planting dates on A. glycines 
management. Current recommendations for management of bean pod mottle virus 
transmission by C. trifurcata in soybean includes delaying planting in order to avoid 
overwintering populations (Krell et al. 2005). There is some concern that younger plants 
would be more attractive to immigrating A. glycines, and that younger plants are of higher 
quality and capable of supporting higher A. glycines reproduction rates (Chung et al. 1980, 
VandenBerg et al. 1997). In 2004, aphid populations were low (< 250 A. glycines per plant), 
and there was no detected difference in soybean exposure to A. glycines due to planting 
dates. In 2005, A. glycines population reached high populations (> 250 A. glycines per plant), 
and there was no difference in soybean exposure to A. glycines at two of the three locations 
(Floyd and Lucas counties). In 2005, at Story County, a difference was detected in soybean 
exposure to A. glycines where the soybean in the second planting date had lower levels of 
exposure. In both years of this study the second planting date was not at greater risk of 
exposure to A. glycines. 
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The second objective was to verify an economic threshold for A. glycines in soybean. 
To accomplish this goal it is vital to understand the crop response to pest injury (Poston et al. 
1976). In 2004, no yield response was detected when insecticide applications were made 
below 250 A. glycines per plant in either planting date. In 2005, A. glycines populations were 
much higher (> 250 per plant) and insecticides applied for the control of A. glycines resulted 
in improved yield in the first planting date. There was no difference in yield amongst the 
zero aphid treatments, insecticides treatments triggered by the enumerative sampling 
technique, and insecticides treatments triggered by the speed scouting technique. A single 
application of an insecticide based on the economic threshold of 250 A. glycines per plant 
provided yield protection equivalent to plots that received multiple insecticide applications at 
much lower densities (zero aphid treatment). Therefore, soybean yield did not improve when 
insecticide applications were below 250 A. glycines per plant. 
The third objective was to compare an enumerative sampling technique to a binomial 
technique for its ability to accurately estimate A. glycines populations. A limiting factor for 
implementation of effective IPM programs is when the cost to estimate pest pressure is 
excessively high. The current economic threshold of 250 A. glycines per plant is based on an 
enumerative counting method that is difficult and time consuming to use. This has facilitated 
the need for more time efficient scouting and sampling methods. In 2005, the enumerative 
sampling technique was compared to speed scouting. The speed scouting technique resulted 
in similar soybean expo sure levels to A. glycines. However, the results indicate that the 
speed scouting technique is more likely to result in an insecticide application than the 
enumerative sampling technique, which may result in unnecessary insecticide applications in 
years where A. glycine populations remain low. While this type of error is possible, speed 
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scouting is a more time efficient (average time savings of 34 minutes per field as compared 
to enumerative sampling) sampling technique for estimation of A. glycines populations 
(Hodgson et al. 2004), which may lead to increased adoption of IPM production practices by 
soybean growers. An unwarranted insecticide application may cost a grower as much as 
$28.00 per :hectare ($13 per acre, based on the cost of a pyrethroid insecticide and its 
application), while a warranted insecticide application that is not applied may cost a grower 
$129 per hectare (assumes 15% yield loss, an uninjured yield of 3922 kg per hectare [60 
bu/ac], and $0.22 per kg [$6.00/bu]). Although an unwarranted application of an insecticide 
is never desirable, it is preferable to an error where an insecticide is warranted and not 
applied. 
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Table 1. 2004 treatment dates by location and planting dates 
Location Planting 
date 
Number of Treatment 
Treatment replications dates 
Floyd 6 May Control 20 N/A 
Zero aphid 4 1 July, 23 July, 11 August 
20 May Control 20 N/A 
Zero aphid 4 1 July, 23 July, 11 August 
Story 11 May Control 12 N/A 
Zero aphid 4 1 July, 7 July, 11 August 
4 0 0 CAD 4 3 0 July 
700 CAD 4 6 August 
6 June Control 20 N/A 
Zero aphid 4 1 July, 7 July, 11 August 
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Table 2. 2005 treatment dates by location and planting dates 
Location Planting date 
















4 July, 16 August 
16 August 
Story 23 May Control N/A 
Zero aphid 6 July, 20 August 
Enumerative Sampling 20 August 
Binomial Sampling Technique 20 August 
16 June Untreated Control N/A 
Zero aphid 6 July, 20 August 
Enumerative Sampling 20 August 
Lucas 10 May Control N/A 
Zero aphid S July, 4 August, 22 August 
Enumerative Sampling 3 S eptember 
Binomial Sampling Technique 22 August 
21 May Control N/A 
Zero aphid 5 July, 4 August, 22 August 
Enumerative Sampling 3 September 
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Figure 1. Decision table for the binomial sampling technique (E. Hodgson unpublished 
data). After as few as 11 plants a treatments decision may be reached, and if no treatment 
decision is reached after sampling 31 plants stop and return to resample in 5 days. 
Figure 2. Experimental locations from north to south: Floyd County, Story County, Lucas 
County. Floyd and Story County were used in both 2004 and 2005, and Lucas County was 
added in 2005. 
Figure 3. Impact of insecticides a) on soybean exposure to A. glycines based on average 
cumulative aphid days measurements at Floyd County (b) and soybean yield as expressed in 
kg seed per hectare at Floyd County in 2004. 
Figure 4. Impact of insecticides a) on soybean exposure to A. glycines based on average 
cumulative aphid days measurements at Story County (b), and soybean yield (kg seed per 
hectare) at Story County in 2004. 
Figure 5. Impact of insecticides on soybean exposure to A. glycines based on average 
cumulative aphid days measurements at a) Floyd County b), Story County, and c)Lucas 
County in 2005. ~,-cyhalothrin treatments were applied based on when plot averages reached 
either the enumerative threshold of 250 A. glycines per plant or the binomial treatments 
decision was reached, and whenever aphids were detected in the zero aphid treatment. 
Means labeled with a unique letter were significantly different (P < 0.05). 
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Figure 6. Impact of insecticides on soybean yield as expressed in kg seed per hectare at a) 
Floyd County b), Story County, and c) Lucas County in 2005. lambda-cyhalothrin treatments 
were applied when plot averages reached either the enumerative threshold of 250 A. glycines 
per plant or the binomial treatments decision was reached, and whenever aphids were 
detected in the zero aphid treatment. Means labeled with a unique letter were significantly 
different (P < 0.05). 
Figure 7. Impact of insecticide treatments on a) protein, and b) oil concentrations averaged 
across the three locations (Floyd, Story, and Lucas Counties) in 2005. Means labeled with a 
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CHAPTER 3. 
CO-MANAGEMENT OF APHIS GLYSINES MATSUMURA (HEMIPTERA: 
APHIDIDAE) AND CEROTOMA TRIFURCATA (FORSTER) (COLEOPTERA: 
CHRYSOMELIDAE) IN IOWA. 
A summary of a collaborative study conducted with Dr. Marlin Rice and Jeff Bradshaw for 
submission to the Journal of Economic Entomology. 
Kevin D. Johnson 
Department of Entomology, Iowa State University 
Ames, IA 50011 
Abstract 
In Iowa, the management of insect pests in soybean, Glycine max (L.) Merrill (Fabaceae: 
Phaseoleae), has been complicated by the arrival of the invasive species Aphis glycines, 
Matsumura (Hemiptera: Aphididae) (soybean aphid), and a recent trend of an increasing bean 
leaf beetle, Cerotoma trifu~cata (Forster) (Coleoptera: Chrysomelidae), populations leading 
to economic outbreaks. Several insecticide programs designed to reduce populations of both 
the overwintering population and first generation of C. trifu~cata, were evaluated during 
2004-2005 for their impacts on A. glycines populations, at three locations across Iowa (Floyd, 
Story, and Lucas counties). There was no significant overlap of either overwintering 
populations or the first generation of C. tNifurcata with A. glycines as aphid populations did 
not reach economic levels until early August. During this two-year study, insecticides 
targeting the overwintering population or the first generation of C. trifu~cata did not prevent 
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economic populations of A. glycines or consistently reduce populations compared to control 
treatments. The highest populations of A. glycines occurred when a low rate of lambda- 
cyhalothrin (178 ml per ha) was applied targeting the overwintering population of C. 
t~ifu~cata. Foliar insecticides, applied based on an economic action level of 250 A. glycines 
per plant, reduced aphid exposure and protected yield better than preventative insecticide 
applications including seed treatments. Emphasizing the importance of timing when 
managing A. glycines, a foliar formulation of the neonicotinoid insecticide imidacloprid, 
applied at an economic threshold of 250 A. glycines per plant, reduced A. glycines exposure 
and had greater yield protection than imidacloprid applied as a preventive seed treatment. 
For the prevention of soybean yield loss from A. glycines the use of a preventative insecticide 
program did not provide better protection compared to a single foliar insecticide applied 
based on the economic threshold for A. glycines. 
Introduction 
Soybean, Glycine max (L.) Merrill (Fabaceae: Phaseoleae), that are grown in the 
North Central region of the United States have historically required little management for 
insect and arthropod pests (USDA 1998, Fernandez-Cornejo 1999). Insect pests have 
threatened soybean production in Iowa starting in the late nineties with economic populations 
of bean leaf beetle, Cerotoma tNifu~cata (Forster) (Coleoptera: Chrysomelidae) (Lam and 
Pedigo 2000, Lam et al. 2001, Krell et al. 2004, Krell et al. 2005) and with the arrival of the 
invasive soybean aphid, Aphis glycines Matsumura (Hemiptera: Aphididae) (Ragsdale et al. 
2004) in 2000. Both C. trifurcata and A. glycines cause yield losses from plant feeding 
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(Myers et al. 2005a) and the transmission of multiple plant viruses (Clark and Perry 2002, 
Krell 2002, Krell et al. 2003b, 2004, Burrows et al. 2005, Davis et al. 2005, Rutledge and 
O'Neil 2006). 
Aphis glycines, native to Asia, was first discovered in North America in July of 2000 
in Wisconsin, and by 2002 A. glycines was found in every county of Iowa (Rice et al. 2004). 
In Iowa, A. glycines move from Rhamnus spp, and colonize soybean fields beginning in June 
reaching economic levels in July and August (Johnson and O'Neal 2005). As of 2004, 
soybean growers have been encouraged to scout soybean fields beginning in July and to 
employ an economic threshold of 250 A. glycines per plant (Rice et al. 2004). The economic 
threshold of 250 A. glycines per plant was developed for the current range of insecticide costs 
and commodity prices (Ragsdale et al. 2004, Rice et al. 2005). In Iowa, this economic 
threshold has helped to prevent yield losses in excess of 15% (Johnson and O'Neal 2005). 
When populations of A. glycines are low, natural enemies play a significant role in 
suppressing population growth (VandenBerg et al. 1997, Fox et al. 2004, Heimpel et al. 
2004, Rutledge et al. 2004, Fox et al. 2005, Rutledge and O'Neil 2005, Mignault et al. 2006). 
The potential for biological control of A. glycines leaves open the possibility for insecticides 
to cause A. glycines populations to flair when the natural enemy community is adversely 
affected by the use of preventative insecticides. However, it is unclear if seed treatments 
and/or foliar insecticides applied before the arrival of alate aphids to soybean provide 
protection or facilitate establishment and subsequent outbreaks. Therefore the use of 
insecticide for preventative management may not be cost effective. Foliar insecticides 
labeled for use against A. glycines in North America are broad spectrum and will result in 
reduced natural enemy populations. The EPA defines a reduced risk pesticide as one which 
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"may reasonably be expected to accomplish one or more of the following" : 1) reduces 
pesticide risks to human health; 2) reduces pesticide risks to non-target organisms; 3) reduces 
the potential for contamination of valued, environmental resources; or 4) broadens adoption 
of IPM or makes it more effective (EPA 1998). Noenicotinoid insecticides may be 
considered reduced-risk, due to their mode of exposure as a plant systemic insecticide. 
Pymetrozine, although not labeled for use in soybean, has a homopteran-specific mode of 
action that has been shown to have limited impacts on beneficial insects, including 
aphidophagous predators (Harrewijn and Kayser 1997, Sechser et al. 2002, Torres et al. 
2003). It is not known what impact imidicloprid and pymetrozine reduced-risk, will have on 
the A. glycines natural enemy community m soybean. 
Cerotoma trifurcata is native to North America and its biology has been well 
described in Iowa (Smelser and Pedigo 1991, Zeiss et al. 1996, Lam et al. 2001, Krell et al. 
2003a). In Iowa, C. trifurcata has two generations with the first generation peaking in mid 
July and the second generation peaking in late August. Members of the second generation of 
C. trifurcata overwinter in leaf litter at field borders and wood lots. Larval stages of C. 
trifurcata feed on roots and nodules of soybean, and other legumes, and are not believed to 
cause economic injury (Krell 2002). Adult C. trifurcata can cause significant defoliation and 
pod feeding (Pedigo and Zeiss 1996, Lam and Pedigo 2001), and are considered the primary 
within-season vector of bean pod mottle virus for soybean in Iowa (Krell 2002). Cerotofna 
tNifurcata also serves as an overwintering host of bean pod mottle virus and approximately 
two percent of the overwintering adults test positive for the virus (Krell 2002, Krell et al. 
2003b). Pyrethroid insecticide timed with the emergence of soybean and the overwintering 
population of C. tNifuNcata reduced bean pod mottle virus by as much as 24 percent making 
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C. trifurcata management a viable technique for bean pod mottle virus control (Krell 2002, 
Krell et al. 2004). In Iowa, targeting the overwintering and first generation of C. trifu~cata 
with a foliar-applied pyrethroid or seed-applied neonicotinoid insecticide can reduce both C. 
t~ifu~cata populations and the incident of bean pod mottle virus (Krell 2002). Given that 
foliar applied pyrethroid insecticides and seed applied neonicotinoids are active against both 
C. trifurcata and A. glycines (Ragsdale et al. 2004), there is the potential that both pests could 
be managed within the same program. However, it is not clear if an insecticide applied in 
early June to early July would be effective for suppressing or delaying A. glycines 
populations in Iowa.. 
The objective for this study was to determine if the management of overwintering 
population and first generation of C. trifurcata would reduce the impact of A. glycines on 
soybean yield. To accomplish this objective, two hypotheses were tested: 1) insecticides 
applied to control C. trifuNcata would reduce A. glycines populations; and 2) insecticides 
applied at an economic threshold for A. glycines would provide greater population reduction 
and soybean yield protection than preventative insecticides. 
Materials and Methods 
Two different experiments were conducted in 2004 and 2005. The first experiment (referred 
to as the multiple pest management experiment) was designed to test C. trifurcata 
management recommendations for their effect on soybean aphid populations during 2004 and 
2005 (Kre112002). The second experiment (referred to as the insecticide timing experiment) 
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was conducted in 2005 to compare seed-applied insecticides to control soybean aphids versus 
an insecticide applied at the economic threshold of 250 aphids per plant (Rice et al. 2005). 
Multiple pest management experiment. Treatments consisted of either aseed-treatment 
(thiamethoxam, Cruiser TM) insecticide or a foliar insecticide (lambda-cyhalothrin, Warrior T"' , 
Table 1), applied alone or in combination. Insecticide applications were timed to prevent 
feeding by either the overwintering population of C. trifurcata, the first generation of C. 
trifurcata, or both the overwintering population and first generations of C. tNifurcata. In 
total, five different insecticide treatments were tested along with an untreated control (Table 
1). The labeled rate of lambda-cyhalothrin for management of C. t~ifurcata in soybean 
ranges from 134 ml per ha to 227 ml per ha (1.8 fl oz to 3.2 fl oz per acre). The 
overwintering population of C. t~ifurcata was targeted with a rate of 178 ml per ha was 
chosen, and when lambda-cyhalothrin was applied against the first generation of C. t~ifurcata 
the maximum rate of 227 ml per ha was chosen to maximize the residual activity. In both 
years, application dates were based on the first detection of overwintering C. t~ifu~cata or 
detection of teneral C. t~ifurcata signaling the emergence of the first generation. Due to 
differences in the detection date of teneral C. trifu~cata between locations there was variation 
in the insecticide application dates from site to site (Table 2). 
In 2004, at all locations, soybean (vaxiety Mark 0124 RR, glyphosate tolerant) were 
planted in 76 cm rows and treatments were applied to plots measuring 10 m by 34 m in 76 
cm rows at a population of 456,000 seeds per ha (190,000 seeds per a). Plots were arranged 
in a randomized complete block design with 8 replications. Foliar insecticides were applied 
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using a ground pulled sprayer applying 142 liters per ha (15 GPA) at 137 kpa (20 PSI) at all 
locations. Dates of application are listed in Table 2. 
From 2004 to 2005 several experimental parameters were changed; plot size, number 
of replications, and application technique for foliar insecticides. The 2004 experiment was 
designed to quantify the affects of treatments on C. t~ifurcata populations and bean pod 
mottle virus spread. In 2005, the only parameter of interest was the effect of treatments on A. 
glycines populations. The reduced trivial movement of A. glycines, as compared to C. 
tNifurcata, reduced the need for replication and large plot size. Therefore, in 2005 the same 
experimental design was used as in 2004 except for the following changes; soybean variety 
NK S24-K4 (glyphosate tolerant) was used at all three locations, treatments were replicated 
six times, and foliar insecticides were applied using a backpack sprayer applying 237 liters 
per ha (20 GPA) at 274 kpa (40 PSI) Treatments were unchanged from 2004 except that the 
application rate of lambda-cyhalothrin was increased from 178 ml per hectare in 2005 to 227 
ml per hectare. 
In 2004 experiments were conducted at two Iowa State University research farms; 
the Northeast Research Farm in Floyd County, and the Curtiss Research Farm in Story 
County. In 2005, the experiment was repeated at the Floyd and Story county research farms, 
and a third location at the McKay Research Farm in Lucas County was added. The counties 
will be referred to from north to south with Floyd County in northeast Iowa, followed by 
Story County in central Iowa, and finally by Lucas County in south-central Iowa (Fig. 1). 
Insecticide timing experiment. The second hypothesis was tested in this experiment that 
insecticides applied based on a timing considered appropriate for A. glycines management 
61 
(Rice et al. 2005) would provide greater yield protection than preventative seed-treatments. 
This was accomplished by evaluating insecticides included in the previous experiment,. 
applied based on the A. glycines reaching an economic threshold developed for A. glycines. 
During 2005, plots were established in Floyd County. The experiment included six 
treatments that compared preventative seed treatments to foliar insecticide treatments applied 
at 250 A. glycines per plant and an untreated control. Foliar insecticides lambda-cyhalothrin, 
pymetrozine (Fulfill TM ) and imidacloprid (Trimax TM ) were compared to seed treatments, 
thiamethoxam at 50 g per 100 Kg seed and 100 g per 100 Kg seed, and imidacloprid 
(Gaucho TM ) at 62.5 g per 100 Kg seed (see Table 3 for rates and manufacture information). 
Imidacloprid is commercially available as both a seed treatment (Gaucho TM ) and a foliar 
insecticide (Trimax TM , expected commercial release in Spring 2007). The two imidacloprid 
treatments allow for a direct comparison of an insecticide applied as a preventative seed 
treatment or as a foliar insecticide applied at the A. glycines economic threshold. 
Thiamethoxam and lambda-cyhalothrin are both commercially available to growers for A. 
glycines control in soybean at the rates used, and pymetrozine is not labeled for either use in 
soybean. 
In 2005 pymetrozine was included as a sub objective in the insecticide timing 
experiment. Pymetrozine has a Homopteran-selective mode of action that reduces the impact 
on the beneficial insect community (Sechser et al. 2002, Torres et al. 2003, Banks and Stark 
2004). With an increasing body of research suggesting that predatory insects are capable of 
significant A. glycines population reduction, there is an increasing level of interest in 
reducing the negative impact of broad-spectrum insecticides on the predatory insect 
community (Fox et al. 2004, Rutledge et al. 2004, Fox et al. 2005, Rutledge and O'Neil 2005, 
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Mignault et al. 2006). The possibility to reduce the potential flaring of A. glycines 
populations from broad-spectrum insecticides prompted the inclusion of pymetrozine in 
2005. 
Treatments were arranged in a randomized complete block design with six 
replications. Plots measured 5 m by 31 m, using conventional production practices. Soybean 
(variety NK S24-K4 RR) were planted in 76 cm rows at a population of 456,000 seeds per 
hectare (190,000 seeds per acre) using a no-till planter on 22 May. Foliar insecticides were 
applied using a backpack sprayer applying 237 liters per ha (20 gpa) at 274 kpa (40 psi). 
Estimation of A. glycines populations. Populations of A. glycines (apterous adults, alate 
adults, and nymphs) were counted weekly on consecutive plants within each plot. In 2004, 
10 consecutive plants were counted for the entire season. In 2005 the number of consecutive 
plants counted ranged from five to twenty, with the number of plants counted determined by 
the percentage infested with aphids during the previous sampling date. When 0% to 80% of 
plants were infested with A. glycines, twenty plants were counted; when 81 % to 99% of 
plants were infested, ten plants were counted; at 100% infestation, five plants were counted. 
The seasonal exposure of soybean to `cumulative aphid days' were calculated based 
on the number of aphids per plant counted on each sampling date. Exposure of soybean 
plants to A. glycines between two sampling dates (the `aphid days') is calculated with the 
following equation: 
°° x . + x 
=  a-1 j X t , 
n=1 2 
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where x is the mean number of aphids on sample day i, x;_1 is the mean number of aphids on 
the previous sample day, and t is the number of days between samples i - 1 and i. Summing 
the aphid days accumulated during the growing season (cumulative aphid days) provides a 
measure of the seasonal aphid exposure that a soybean plant experienced (E. Hodgson 
unpublished data). Cumulative aphid days are reported as season long totals for both the 
multiple pest management and the insecticide timing experiments. 
Aphid p~edato~y insect sanZpl ing. In 2005, the insect community was sampled using sweep-
nets, when the plants had six fully developed nodes (Pedersen 2004) (V6 occurred on 27, 28, 
and 29 June in Floyd, Story, and Lucas counties respectively). Sampling consisted of 20 
pendulum sweeps with a 3 8-cm sweep net running the direction of the row. Samples were 
places in plastic bags and returned to the lab, and were stored at -20°C until samples could be 
processed. Only known aphid predators of either native aphids or A. glycines were reported 
and included in the analysis (Fox et al. 2004, Rutledge et al. 2004, Fox et al. 2005, Rutledge 
and O'Neil 2005, Mignault et al. 2006). Predatory insects were identified visually to the 
family level and to the species level for Coccinellidae and Anthocoridae. 
Yield. In 2005 yields were determined by weighing grain with a grain hopper which rested 
on a digital scale sensor custom designed for each of the three harvesters. Yields were 
corrected to 13%moisture and reported as kilograms per ha. Yield data from 2004 are part 
of an additional and will be presented elsewhere (J. Bradshaw pers. Comm.). 
64 
Data analysis. In both experiments the average aphid days accumulated each week were 
calculated for each treatment in both experiments throughout the growing season. The 
impact of treatments on the accumulation of aphid days was determined using natural log- 
transformed data to meet the assumptions of ANOVA. To test our first hypothesis, that an 
insecticide applied for C. trifurcata control affect the establishment and population growth of 
A. glycines a repeated measure analysis of variance (ANOVA) was used. The repeated 
measures ANOVA was performed with a Toeplitz covariance structure in PROC MIXED 
(SAS 2004). The multiple pest management experiment I employed required two different 
models to analyze all the parameters of interest due to a strong location by year interaction 
and an unbalanced data set comprised of two locations in 2004 and three locations in 2005. 
The first repeated measures model treated both years and blocks (nested within locations) as 
random effects so that treatment effects can be determined from the data colleted in both 
years from all three locations. To analyze the year effects, a second repeated measures 
analysis was performed in which all the data from the additional location added in 2005 
(Lucas County) were removed which allowed for year to be treated as a fixed effect. 
To test whether the insecticides reduced both A. glycines and beneficial insect 
populations were estimated throughout the growing season. The impact of treatments on the 
number of A. glycines and beneficial insects was determined using natural log-transformed 
data to meet the assumptions of ANOVA. A repeated measures ANOVA was performed 
with a Toeplitz covariance structure in proc mixed (SAS 2004) with blocks being treated as a 
random variable. 
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For both experiments yield was estimated from seed samples collected at harvest and 
averaged across the treatments. The yield data were analyzed using aone-way ANOVA in 
PROC MIXED (SAS 2004) using lsmeans test for means separation. 
Results 
Multiple pest management experiment. Aphis glycines plant exposure levels were 
considerably variable across both years and locations, with the highest plant exposure levels 
occurring at Floyd County in 2005 (Fig. 2). Significant differences were observed in 
soybean exposure levels to A. glycines at all locations (Floyd, Story, and Lucas counties) and 
in both years (2004 and 2005; Fig. 3, and Table 4). In addition to the significant treatment 
effect there were also significant year, location, and a significant year by location interaction 
(Table 4). 
In 2004, economically damaging populations of A. glycines were no experienced at 
either of the locations and populations were well below the economic threshold of 250 per 
plant. Aphis glycines were first detected on 22 July in Floyd County and 23 June in Story 
County. Populations peaked at different densities in the control treatment across both 
locations; with 13 + 3 aphids per plant on 25 August at Floyd County, 46 + 18 per plant on 
17 August at Story County. Despite these low populations, significant differences in A. 
glycines exposure levels due to treatment and location effects were observed (Table 5). In 
2004, the only treatments that experienced lower A. glycines exposure than those left 
untreated were the thiamethoxam treated seed that also received lambda-cyhalothrin at the 
emergence of the first generation of C. t~ifurcata (Fig. 3b). 
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In 2005, economically damaging A. glycines populations occurred at 2 of the 3 
location (Floyd and Story counties). Aphis glycines were first detected 27 June (Floyd 
County), 22 June at (Story County), and 1 June at (Lucas County). In 2005, populations 
peaked at different densities in the control treatment across the three locations; with 507 + 81 
aphids per plant on 25 August at Floyd County, 281 + 82 on 29 August at Story County, and 
87 + 14 per plant on 18 August at Lucas County. In 2005, significant differences were 
detected for both treatment and location in A. glycines exposure (Table 5, Fig. 4). Although 
the highest levels of plant exposure to A. glycines were observed at Floyd County in 2005, 
the greatest level of treatment separation occurring at Lucas County (Fig. 4c). In both 2004 
and 2005 only one treatment (thiamethoxam treated seed plus lambda-cyhalothrin at first 
generation emergence) at one location (Story County in 2004, and Lucas County in 2005) 
lowered soybean exposure to A. glycines below the control treatment (Fig. 4b). However, 
plots at both Floyd and Lucas counties that received the foliar insecticide (lambda- 
cyhalothrin) targeting the overwintering population of C. t~ifuNcata had higher A. glycines 
exposure levels than treatments targeting the first generation of C. trifurcata (Fig. 4a, c). 
Although significant differences in soybean exposure to A. glycines were observed in 2005 
(Table 5), no insecticide treatment prevented A. glycines populations from crossing the 
economic threshold at the same time as the control treatment (Table 6). In 2005, 
preventative insecticide treatments also failed to provide yield protection as compared to the 
control at all three locations (Fig. 5). 
Insecticide timing. Insecticides applied on 2 August 2005 had a significant impact on plant 
exposure levels to A. glycines. Aphis glycines populations averaged 211 + 48 (mean A. 
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glycines in non-seed treated plots) A. glycines per plant (across all non-seed treatments) at the 
time of foliar insecticide application (2 August). However, A. glycines populations quickly 
surpassed the economic threshold of 250 A. glycines per plant in the control treatment (266 ± 
54 A. glycines per plant) by 4 August. In 2005, populations peaked at 1,331 ± 323 A. 
glycines per plant on 25 August in the insecticide timing experiment at Floyd County. Aphis 
glycines population significantly impacted yield in 2005 when left untreated (Fig. 6). The 
foliar insecticide lambda-cyhalothrin provided the greatest reduction in A. glycines exposure 
(97.5%), and the greatest level of yield protection (13 % above the control, Fig. 7). The seed 
treatment imidacloprid provided the lowest level of A. glycines control (12% reduction) and 
the lowest yield improvement compared to the control (3%). The foliar applications of 
pymetrozine and imidacloprid provided an intermediate level of protection both in terms of 
soybean exposure to A. glycines, (89%, and 86% reductions in exposure respectively), and 
yield (9%, and 8% improvement in yield) when compared with the control treatment (Figs. 6, 
7). The foliar application of imidacloprid had a greater reduction in A. glycines exposure 
levels then when imidacloprid, was applied as a seed treatment (83% reduction compared to 
the seed treatment of imidacloprid, Fig. 6). The foliar application of imidacloprid also had 
greater yield protection then imidacloprid was applied as a seed treatment (6 
improvement; Fig. 7). 
Aphid pNedacious insects. In 2005, aphidophagous insect populations in the multiple pest 
management experiment were monitored through sweep net sampling once plants had six 
fully developed nodes (V6). The predatory insects that were collected in 2005 are described 
in Table 6. Known aphidophagous species from four families of insect were collected across 
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the three locations (Fox et al. 2004, Rutledge et al. 2004, Fox et al. 2005, Rutledge and 
O'Neil 2005, Mignault et al. 2006). Significant differences in predatory insect populations 
were detected over time and between locations in 2005 (Table 7). Only Coccinellidae 
responded to insecticide treatments (average of all Cocinellidae species, Table 8). The data 
indicated that total Coccinellidae populations were highest in both the control and when 
lambda-cyhalothrin was applied to the overwintering generation of C. t~ifu~cata. However it 
is unclear if the Coccinellidae were responding to the insecticide treatment or the abundance 
of aphids. 
In the insecticide timing experiment, beneficial insect populations were monitored 
following foliar insecticide applications on 2 August, in 2005. Beneficial insects collected 
and identified are described in Table 8. The total beneficial insect populations responded to 
the insecticide treatments 13 days after treatment (Table 9). One day after treatments were 
applied there was no detectable effect of any treatments as compared the untreated control 
(Table 10, F = 1.24, df = 11,43, P = 0.28). At both 8 and 13 days after treatment there was a 
measurable effect between the insecticide treatments and the control treatment (Table 10, 8 
days, F = 6.53, df = 11,43; P = <0.001), (Table 10, 13 days, F = 4.9, df = 11,43; P = <0.001). 
Discussion 
A preventative insecticide program (one that applies an insecticide without reference to pest 
populations) is only appropriate against a severe pest whose populations equilibrium position 
is consistently above an economic injury level (Stern et al. 1959). Additionally, the potential 
for ecological backlash should be small to justify such a management plan, which is to say, a 
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preventative treatment should not result in resurgence later in the growing season or increase 
the likelihood of resistance development (Stern et al. 1959). As observed in this study, both 
the severity of A. glycines and the potential for ecological backlash suggest that the 
preventative tactics examined are not appropriate for A. glycines management. Although the 
use of seed treatments and foliar insecticides applied before A. glycines arrive to soybean can 
be justified based on the risk of C. t~ifu~cata (Krell 2002, Krell et al. 2004), the results 
suggest that these products used in absence of the need for C. t~ifu~cata management is not 
justified. Several factors lead to this conclusion, including the year-to-year variation in A. 
glycines pest populations the occurrence of economic populations in late July and August, 
and the potential for resurgence. 
There was significant temporal variability in A. glycines populations, with nearly an 
order of magnitude difference in the peak aphid populations across the two years that this 
study was conducted. Aphis glycines populations were well below the economic threshold of 
250 aphids per plant in 2004 at all locations. The occurrence of sub-economic populations of 
A. glycines populations throughout most of Iowa did not allow for the completion of the 
insecticide timing experiment in 2004, as populations above the economic threshold of 250 
A. glycines per plant were needed. This temporal variation of A. glycines population is not 
limited to Iowa (Myers et al. 2005b, Myers et al. 2005a), and since its introduction into the 
U.S., the risk of A. glycines outbreaks appears to vary greatly from year to year, and from 
location to location within a given year (Myers et al. 2005a). Since its arrival in Iowa, A. 
glycines populations have reached economic levels in three of the past six years since its 
arrival in Iowa (O'Nea12005). This temporal variation in A. glycines outbreaks is reflected in 
foliar insecticide usage for soybean in Iowa (O'Neal 2005, O'Neal and Johnson 2005, Pilcher 
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et al. 2005), an input not used significantly before the arrival of A. glycines (USDA 1998, 
Fernandez-Cornejo 1999). Although confounded by regional patterns of A. glycines 
abundance, insecticide usage in Iowa with an estimated 4 million acres treated in 2003 and 2 
million acres treated in 2005 illustrates the inconsistent nature of A. glycines. Therefore, 
based on this variation A. glycines should not be considered a sufficiently severe pest to 
warrant a preventative insecticide treatment. While monitoring for A. glycines there was no 
evidence for significant overlap with C. trifurcata phenology. Throughout the experiments 
reported here the earliest appearance of A. glycines was during the first week of June, as 
illustrated by the phenology of A. glycines in control treatments across all three locations in 
2005 (Fig. 2). Populations of A. glycines did not reach significant population until late July or 
early August (Fig. 2). Cerotoma t~ifuNcata management tactics that were investigated in 
2005 were applied no later than 23 June (Table 2). In 2005, C. tr~ifurcata treatments had little 
measurable effect on A. glycines exposure levels (Fig. 4), and had no detectable effect on 
soybean yield (Fig. 5). The management tactics tested in the Multiple pest management 
expeNiment were applied before July 1, and A. glycines in the control treatments did not reach 
the economic threshold of 250 A. glycines per plant in the untreated control before 1 August 
(Fig. 2). Therefore, it is unlikely that there was sufficient residual activity of any of these 
insecticides to provide significant protection against A. glycines. So, even under conditions 
were a preventative treatment could be justified (i.e. an outbreak year for A. glycines), none 
of the tactics here provided any measurable yield protection (Fig. 5). 
Preventative treatments should carry a minimal risk of causing ecological backlash 
(Pedigo and Rice 2005). The most common forms of ecological backlash are the 
development of insecticide resistance, and pest resurgence. Estimating the potential 
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development of insecticide resistance was not a goal of this research. However, it is not clear 
what the likelihood of resistance to one or multiple insecticide is for a management program 
based on a neonicotinoid seed treatment and alater-season foliar application would be. Pest 
resurgence can be caused by insecticide applications which disproportionably affected the 
beneficial insect community aiding in the establishment of a pest population. At two 
locations in 2005, (Floyd and Lucas counties) the highest A. glycines exposure levels were 
observed in the lambda-cyhalothrin treatment that targeted the overwintering population of 
C. trifu~cata (Fig. 4a, c). Although these were not statistically higher than the control, they 
were numerically higher than all other treatments at those locations. A potential explanation 
for this trend is that the earliest application of the foliar pyrethroid may have removed pre- 
existing insect predators resulting in greater A. glycines population growth. Fox et.al. (2004, 
2005), along with unpublished Iowa data (Schmidt et al submitted 2006.) has shown that 
generalist predators are capable of suppressing A. glycines establishment and population 
growth. An example of such a predator is the insidious flower bug, O~ius insidiosus (Say), 
which has the potential to slow both establishment and population growth of A. glycines 
(Rutledge and O'Nei12005). In Iowa, O. insidiosus is present before A. glycines is detected 
(Rutledge and O'Neil 2005). Orius insidiosus is found in Iowa soybean from mid-June to 
mid-September (Bechinski and Pedigo 1981b). However, the analysis of the beneficial insect 
community in the multiple pest manageTnent experiment failed to show that early 
applications of lambda-cyhalothrin, targeting the overwintering population of C. trifu~cata, 
had any affect on the insect predator community. Our sampling of this community was 
limited to sweep-net sampling. Additional research has shown that the sampling technique 
employed influences the insect community observed (Bechinski and Pedigo 1981 a, b). Both 
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N. Schmidt and M. O'Neal (unpublished data), and Bechinski and Pedigo (1981a) have 
shown that sweep-net sampling is an ineffective method of estimating O. insidiosus 
populations. Therefore, there may have been a failure to observe an effect of the insecticide 
applications on certain members of the insect predator community in soybean. However, 
there was a greater density of Coccinellidae within both the control and lambda-cyhalothrin, 
targeting the overwintering population of C. tNifurcata. These more highly mobile predators 
are more amenable to sampling with asweep-net. The inference from this result is not 
inconsistent with our initial hypothesis of resurgence. Rather the larger density of 
coccinellids reinforces the conclusion that the application of lambda-cyhalothrin, targeting 
the overwintering population of C. trifuNcata, resulted in a significantly larger population of 
A. glycines, one large enough to attract this predator. Although much additional research is 
needed, our data may be one of the first to indicate that preventative insecticide applications 
may increase A. glycines populations rather than reduce them. 
Timing of insecticide applications with the phenology of A, glycines has proven to be 
important as insecticides applied at the economic threshold of 250 A. glycines per plant 
provided greater control and yield protection than preventative treatments (Figs. 4, 5). The 
importance of insecticide timing was most clearly illustrated when imidacloprid was applied 
both as a preventive seed treatment and as a foliar treatment at the economic threshold of 250 
A. glycines per plant. In fact all three insecticides (imidacloprid, pymetrazione and lambda- 
cyhalothrin) applied at the economic threshold had greater reductions in soybean exposure to 
A. glycines and greater yield protection than the preventative insecticide treatments (Figs. 4, 
5). 
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Management of both C. t~ifurcata populations (important for control of bean pod 
mottle virus transmission) and A. glycines in Iowa is not currently possible with a single 
insecticide treatment. Timing of insecticides with A. glycines seasonal phenology is 
important for efficient management of this pest. The inconsistent nature, with both temporal 
and spatial, variation of A. glycines populations suggests that preventive insecticides should 
not be employed in Iowa for A. glycines management. The potential of ecological backlash 
in this system needs more research; there is some evidence that resurgence may be occurring 
with preventive insecticide use in some situations. This research provides new information 
about management of A. glycines and C. trifurcata in Iowa and experimental evidence 
supports current management recommendations that growers monitor population through a 
structured scouting program, and employ an economic threshold of 250 A. glycines per plant 
and increasing. 
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Table 1. Treatment list for multiple pest management experiment 
Targeted C. trifurcata 
treatment Rate generation /population 
control N/A 
thiamethoxam S Og per 100 kg overwintering 
thiamethoxam + SOg per 100 kg + overwintering +first 
lambda-cyhalothrin 227 ml per ha 
lambda-cyhalothrin 178 ml per ha overwintering 
lambda-cyhalothrin 227 ml per ha first 
lambda-cyhalothrin + 178 ml per ha + overwintering +first 
lambda-cyhalothrin 227 ml per ha 
Seed treatment rates are given as grams formulated product per 100 kilogram seed. Foliar 
treatment rates are given as ml formulated product per hectare. Foliar applied insecticide 
was lambda-cyhalothrin (Warrior 1 SC, Syngenta Crop Protection, Greensboro, North 
Carolina) and the seed treatment insecticide was thiamethoxam (Cruiser 5 FS, Syngenta Crop 
Protection, Greensboro, North Carolina). 
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Table 2. Dates of insecticide application for the multiple pest management experiment 
Foliar insecticide application date 
Year County Planting date Overwintering First 
Population Generation 
2004 Floyd 3 May 19 May 8 July 
Story 28 April 20 May 4 July 
2005 Floyd 22 May 1 June 22 June 
Story 23 May 7 June 21 June 
Lucas 5 May 2 June 23 June 
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Cruiser 5 FS 
Cruiser 5 FS 
Gaucho 4 8 0 F 
Trimax 4 E 
Fulfill SOWG 
Warrior 1 SC 
Rate 
SOg per 100 Kg 
100g per 100 Kg 
62.Sg per 100 Kg 
105 ml per ha 
163 ml per ha 
227 ml per ha 
Seed treatment rates are given as grams formulated product per 100 kilogram seed. Foliar 
treatment rates are given as milliliters formulated product per hectare. Seed treatments 
Cruiser (thiamethoxam, Syngenta Crop Protection, Greensboro, North Carolina) and Gaucho 
(imidacloprid, Bayer CropScience, Research Triangle Park, North Carolina) were applied as 
a seed treatment at planting on 22 May. Foliar treatments Trimax (imidacloprid, Bayer 
CropScience, Research Triangle Park, North Carolina), Fulfill (pymetrozine, Syngenta Crop 
Protection, Greensboro, North Carolina), and Warrior (lambda-cyhalothrin, Syngenta Crop 
Protection, Grensboro, North Carolina) were applied on 2 August, and aphid populations 
averaged 211 A. glycines per plant at application. 
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Table 4. Impact of insecticides on A. glycines in the multiple pest management 
experiment 
ANOVA with year included as a fixed effect 






5, 1434 4.9 0.0002 
1, 1434 4647.9 <0.0001 
10, 1434 565.7 <0.0001 
1, 14 154.2 <0.0001 
1, 1434 1099.3 9 <0.0001 
ANOVA with year as a random effect 
Treatment 5, 1740 7.4 <0.0001 
Week 12, 1740 482.0 <0.0001 
Location 2, 1 0.44 0.78 
Treatment* Location 10, 1740 1.46 0.15 
'~ ANOVA was conducted by combining data across years and locations with year treated as 
a fixed effect (Lucas County removed) and with year treated as a random effect below. 
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Table 5. Impact of insecticides on A. glycines in the multiple pest management 
experiment by year. 
2004 
Source df F value P value 
Treatment 5, 828 3.12 0.0084 
Week 10, 828 539.14 <0.0001 
Location 1, 14 3 62.29 <0.0001 
Treatment*Location 5, 828 0.78 0.56 
2005 
Treatment 5, 884 7.48 <0.0001 
Week 10, 884 571.78 <0.0001 
Location 2, 1 S 274. S 3 <0.0001 
Treatment* Location 10, 8 84 1.61 0.0991 
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Table 6. Peak A. populations of A. glycines in the multiple pest management 
experiment during 2005 
Targeted C. trifurcata Peak population at each county ±SEM 
Treatment Generation/Population Floyd Story Lucas 
control overwintering 507 ± 81 281 ± 82 87 ± 14 
thiamethoxam overwintering 75 8± 204 3 02 ±61 46 ± 7 
thiamethoxam + overwintering 828 ± 270 233 ± 62 54 ± 11 
lambda-cyhalothrin first 
lambda-cyhalothrin overwintering 1082 ± 275 245 ± 40 65 ± 7 
lambda-cyhalothrin first 48 5 ± 148 312 ± 5 6 5 6 ± 8 
lambda-cyhalothrin + overwintering 421 ± 67 313 ± 93 54 ± 9 
lambda-cyhalothrin first 
Peak population occurred on 25, 29, and 18 August for Floyd, Story, and Lucas counties 
respectiva y. 
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Table 7. Impact of insecticides on the predatory insect community in the insecticide timing 
experiment 
Source df F value P value 
Treatment S, 28 3 5.1 <0.0001 
Week 24, 132 133.8 <0.0001 
Block 5, 28 8.75 <0.0001 
Treatment* Week 24, 132 10.34 <0.0001 
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Table 8. Predatory insects and spiders collected by sweep-nets in multiple pest 
management experiments conducted in 2005. 
Order Family Species 
Coleoptera Coccinellidae Ha~monia axy~idis 
Coccinella septempunctata 
Coleomegilla maculata 




Only predatory insects were recorded and all beneficial insects were identified to the family 
level with the exception of Coccinellidae and Anthocoridae which were the only families 
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Table 10. Total predatory insect populations analysis in the insecticide timing 
experiment 
Total predatory insect populations 
Product 4 August 8 August 15 August 
Control 3 + 1.2 13.8+2.8 A 18.6+5.1 A 
Cruiser 100g 0.7 ± 0.5 10.5 ± 2.2 A 8.8 ± 2.2 B 
Cruiser S Og 1.5 ± 0.6 13.5 ± 4.2 AB 5.3 ± 3.2 B 
Gaucho 62.5 g 3.5 ± 1. S 4.8 ± 2.4 B 9.8 ± 1.4 B 
Fulfill 1.8 + 0.5 4.8 + 1.9 B 3.7 + 1.2 B 
Trimax 2.7 + 1.0 5.5 + 1.7 AB 7.2 + 1.4 B 
Warrior 0.7+0.3 1.6+0.4 B 2.2+0.9 B 
All predatory insects collected are listed in Table 8. Foliar treatments were applied on 2 
August, and seed treatments were applied at planting. Means labeled with a unique letter 
were significantly different (P < 0.05). 
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Figure 1. Experimental locations from north to south: Floyd County, Story County, Lucas 
County 
Figure 2. 2005 Phenology of A. glycines across all locations on soybean in the control 
treatments. 
Figure 3. Impact of insecticides applied for C. trifurcata on soybean exposure to A. glycines 
based on average cumulative aphid days measurements at Floyd County (a), and Story 
County (b) in 2004. Thiamethoxam was applied at planting, and lambda-cyhalothrin 
treatments were applied based on the emergence of the over wintering, first, or both 
generations of C. trifu~cata. Dates varied across locations due to phenology of C. tNifurcata. 
Foliar applied insecticide was lambda-cyhalothrin (Warrior) and the seed treatment 
insecticide was thiamethoxam (Cruiser). Plots were planted on 3 May at Floyd County and 
on 28 April at Story County. Means labeled with a unique letter were significantly different 
(P < 0.05). 
Figure 4. Impact of insecticides applied for C. trifurcata on soybean exposure to A. glycines 
based on average cumulative aphid days measurements at Floyd County (a), Story County 
(b), and Lucas County (c) in 2005. Thiamethoxam was applied at planting, and lambda- 
cyhalothrin treatments were applied based on the emergence of the over wintering, first, or 
both generations of C. t~ifurcata. Dates varied across locations due to phenology of C. 
trifurcata. Foliar applied insecticide was lambda-cyhalothrin (Warrior) and the seed 
91 
treatment insecticide was thiamethoxam (Cruiser). Plots were planted on 22 May at Floyd 
County, on 23 May at Story County, and on 5 May at Lucas County. Means labeled with a 
unique letter were significantly different (P < 0.05). *Means were not significant at the 
Story County site (P > 0.05). 
Figure 5. 2005 Yield for the multi pest management at Floyd County (a), Story County (b), 
and Lucas County (c). Thiamethoxam was applied at planting, and lambda-cyhalothrin 
treatments were applied based on the emergence of the over wintering, first, or both 
generations of C. trifurcata. Dates varied across locations due to phenology of C. trifurcata. 
Foliar applied insecticide was lambda-cyhalothrin (Warrior) and the seed treatment 
insecticide was thiamethoxam (Cruiser). Plots were planted on 22 May at Floyd County, on 
23 May at Story County, and on 5 May at Lucas County. 
Figure 6. Comparison of seed and foliar applied insecticides on soybean exposure to A. 
glycines based on average cumulative aphid day measurements at the Floyd County in 2005. 
Soybean were planted on 22 May, 2005. Seed treatments Cruiser (thiamethoxam, Syngenta 
Crop Protection, Greensboro, North Carolina) and Gaucho (imidacloprid, Bayer 
CropScience) were applied as a seed treatment. Foliar treatments Trimax (imidacloprid, 
Bayer CropScience), Fulfill (pymetrozine, Syngenta Crop Protection), and Warrior (lambda- 
cyhalothrin, Syngenta Crop Protection) were applied on 2 August, and aphid populations 
averaged 211 A. glycines per plant at the time of application. Means labeled with a unique 
letter were significantly different (P < 0.05). 
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Figure 7. Comparison of seed and foliar applied insecticides on soybean exposure to A. 
glycines based on yield (kg per hactare) at Floyd County in 2005. Soybean were planted on 
22 May, 2005. Foliar treatments imidacloprid (Trimax), pymetrozine (Fulfill), and lambda- 
cyhalothrin (Warrior) were applied on 2 August. Mean aphid populations were 211 A. 
glycines per plant at the time of application. Means labeled with a unique letter were 
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CHAPTER 4. GENERAL CONCLUSIONS 
Integrated Pest Management (IPM) programs are essential for efficient and 
economical pest management. A cost benefit analysis (Poston et al. 1983) is the essential 
foundation of any IPM program (Stone and Pedigo 1972), and in order for the cost benefit 
analysis to be effective it should include not only the control cost, cost associated with 
implementation, and crop value, but also crop response to pest injury and the proportionate 
injury per individual pest (Poston et al. 1983, Pedigo et al. 1986). 
It is often the biological response of the plant to the pest that is most difficult to 
characterize. I observed no measurable difference in yield when insecticides were applied 
against A. glycines populations below the preliminary economic threshold of 250 A. glycines 
per plant. This suggests that the damage boundary is not below the injury sustained at 250 A. 
glycines per plant. Chapter 3 (co-management of insect pest of soybean) provides additional 
evidence that the damage boundary for A. glycines on soybean lies above the injury 
generated when populations are below 250 per plant. There was no yield protection from 
imidacloprid applied as preventative seed treatments, while there was significant yield 
protection when imidacloprid was applied as a foliax treatment against A. glycines 
populations near 250 per plant. However, soybean response to feeding of A. glycines varied 
by planting date. When I compared soybean planting dates that ranged from 11 to 26 days 
apart there was no yield protection when insecticides were applied to the later planting date. 
This suggests that the damage boundary may be at a higher injury than the injury sustained at 
250 A. glycines per plant for later planted soybean. This suggests the need for further 
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research regarding soybean response to A. glycines injury and the development of thresholds 
that reflect this variability. 
Another important consideration of IPM practitioners is the need for an efficient 
method for estimating pest populations. Southwood and Henderson (2000) provided eight 
basic criteria for a sampling units: 1) all pest must have an equal chance of selection; 2) the 
sampling unit must have stability; 3) the proportion of a pest population in a habitat should 
remain consistent; 4) the sampling unit must lend itself to a unit area conversion; 5) the 
sampling unit should be easy to use in the field; 6) the sampling unit should provide a 
balance between pest variance and sampling cost; 7) the sampling unit should not be too 
small in relation to the pests size; 8) and the sampling unit for mobile pests should be 
proportional to the average movement of the pest (Southwood and Henderson 2000). Both 
the enumerative sampling and the speed scouting techniques that I examined fulfilled all 
eight basic criteria laid out by Southwood and Henderson (2000). Insecticides applied 
according to either the enumerative sampling or the speed scouting techniques resulted in 
similar soybean exposure to A. glycines and similar soybean yield protection. The speed 
scouting technique makes a tradeoff between knowledge about the population and time 
where quantitative population understanding is lost and time is gained. 
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